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INTRODUCTION 

Since the advent ot the positive ion accelerator in 1932 

there has been a great need for a.--i ion source which has the following 

characteristics: 

l. Stabi.lity and long life 

2. Large beam current 

3. Low gas consumption 

4. A hiBh ion percentage 

5. Simplicity of construction 

6. Low power consumption 

7. Com:pactness 

There are several types of positive ion sources which exhibit 

most of the above properties. There is the canal ray tube, which is 

the type that was used on the first accelerator envisioned by 

Drs. Cockcroft and Walton in 193()5, the capillary arc, the reflection 

type with magnetic field, and the electrodeless discharge type. 

The basic design of the bk radio-frequency ion source is 

classified as an electrodeless discharge type. With the exception of 

a fev modifications, the ion source used on the Virginia Polytechnic 

Institute 250 Kev Cockcroft-Walton accelerator is a M:>ak type source. 

Recently there has been great interest shown :tn using 

accelerators as pulsed neutron sources. In such instances, deuterons 

are used as bombarding particles instead ot :protons since the neutron 

yield is much greater. 
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The object of the ion source, used on the Virginia 

Polytechnic Institute Cockcrof't-Walton accelerator, ia to produce 

a beam current sufficient to obtain the high neutron flux. 

Neiler20 describes three basic method.a ot producing a pulsed 

beam: (a) plasma pulsing, (b) beam chopping, and (c) bunching. 

Plasma pulsing is the most direct method but it bas the disadvantase 

ot being built around a gas discharge phenomena which is sanevbat 

inflexible and is not suseptible to precise analysis and design. 

In practice beam chopping is the most popular method and thus 

far it bas served as the first step tor the bunching method. 

The beam chopping method is employed on the v. P. I. Cockcrott-

Walton accelerator and is achieved by means of a deflection system 

consisting of two pairs ot deflection plates. An a. c. signal across 

these plates sweeps the beam across the exit aperture. 

Protons have been used in testing this source since the 

radiation hazard is less than that in the use of deuterons. 
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REVIEW OF LITERATURE 

In 1946, Thoneman26 gave an account of the earliest develop-

ment in the use ot a high frequency discharge as an ion source. 

This source vu capable ot producing a 10 milliampere beam with a 

10 kilovolt probe extraction. Further study was to be made to see 

if t.be use ot a magnetic field would increue the ion current. 

Rutberglen23 in 1947 publ:!.ahed an article telling ot the 

:improvements :i.n the Thoneman26 source to increase the proton yield. 

In 1951, ~ 8 described a radio-frequency ion source which is 

capable ot delivering 1.25 mi.lliamperes of positive ions, over 

ninety per cent of which are protons, and has a usable lite of 

over 500 hours. 

Many improvements plus Jll8Jzy' other positive ion sources have 

been described in the literature; Ehlers6, Allison2, H:u-t1na17, 

swann24 
1 Hall ll 1 van Dorsten29 .• Allanl, Thonemn26, and H:>a1t18. 

The latest ot these sources is the duo-plasmatron :I.on source developed 

by Von Ardenne in Germany. This high current source is evaluated 

by M:>a.1t18. 
A comparison of m.ny ot the ion sources is made by Hoyaux and 

DuJardin12• Eubank, Peck, a..--id Truell 7 discuss the yield of a radio-

frequency ion source as a function ot: 

1. r-t power to the gas in the source 

2. trequency 

3. pressure in the discharge region 
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4. extraction voltage 

In 1947, Cockcrott4 discussed the posaibility ot using an 

accelerator as a pulsed neutron source. Since that time the 

accelerator has become a very valuable instrument in the neutron 

studies tield. Techniques tor pulsing, have been discussed by 

Turner28, .Faul21, and in particular, people at 0e.k Ridge NatioDa.l 

Laboratories such as nngl-4, Parm-15, Johnaon13, and we1J.er20 who 

first announced the use of their pulses in 1955 on a 3 li!bv 

Van de Graaf't accelerator. 
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DESIGN AND CONSTRUCTION 

In the studies -.de with the 250 Kev Cockcroft-Wa.lton 

nuclear accelerator, it is necessary to produce an intense beam 

ot protons or deuterons. This is done by mans ot a radio-

trequency ion source which is essentially the same as the one 

designed by bk18• Variations, which have been made in the 

design ot the base ot the ion source, are described by Rogers22. 

There are three be.sic problems to consider in designing aDd 

buildi.ng a pulsed radio-trequency ion source. 

1. Production of an intense atomic ion 4ischarge 

2. Extraction of the ion current 

3. Pill.sing of the ion current 

The design and const.?-uction will thus be discussed as closely 

aa possible to fit these three problems. 

Through the work of wood30, Thompaon25, Thoneman26, and b.k1,8, 

it has been found that a good atomic ion discharge can be produced 

by an externally applied r-t excitation to a thoroughl;y cleaned 

pyrex veaael. 

The ion aource consists ot a Pyrex discharge vessel and three 

aluminum bue parts. The Pyrex ion bottle is the same as that 

designed by lt>alt18 and was purchased from Radiation Counter 

Laboratories ot Skokie, lllinois. 

To obtain a high percentage yield ot singly ionized pa.rticle1, 
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the bottJ.e is thoroughly cleaned w1.th a twenty-five per cent 

normal solution of hydrofluoric acid and then flushed with distilled 

water. 

The dimenstons of~ I of the ion source base, which supports 

the ion bottle and a magnetic coil, are shown in figure l. Its 

position relative to the other perts of the base and the bottle 

are shown in figure 2. Details as to the drilling oft.he hydrogen 

entry canal are the same as those discussed by Rogers22. 

Part II ot the base, which was bonded by means ot vinyl seal 

to a porcelain ring of the accelerator tube, is shown in figure 3. 
An 110" ring provides a tight vacuum seal between Parts II and the 

deflection system. 

Part III, a critical part ot the base since it serves as both 

exit canaJ. and cathode tor the ions. The most critical dimensiona on 

this piece are the canal diameter and length. Current is found by 

exper:Lmnt, to vary appreciable with these d~nsions. M:la.lt18 baa 

found that current varies with the square of the diatl:eter of the 

canaJ.. 

The quartz sleeve and Part III of the base, which is described 

below and in detail by Rogers22, are cleaood with a dichromie 

cl.eaning solution. The quartz sleeve which is placed over the tip 

of Pa.rt III extends beyond the tip by 5/32. inchea. The length 

of this part is also critical since it is Wied to tocus the plasm 

on the exit canal. Grjnd~ng and fire polishing this sleeve is 
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I I I I I I A 
I I 

C 
D 

ION SOURCE BASE PART I 
DIAMETER HEIGHT 

I 2..375 0.375 
2. 2.125 0.250 
3 1.4375 0.125 
4 0.500 0.0625 
5 0. 218 75 

A 5.750 0.500 
B 4.250 0250 
C 3. 0625 ,. 12 5 
D I. 25 0 0.4375 
E 0.500 

FIGURE 1 
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Kay to Figure 2 

A ••• Part II, ion source base 

B .... Part I, ion source base 

C ••• Part III, ion source base 

D ••• "O" ring groove 

E ••• Hydrogen supply 

F ••• Magnet coil 

G ••• Silica sleeve 

H ••• Pyrex ion bottle 

I ••• Anode 

J ••• Secondary electron ahield 

K ••• R-r power coupling leada 
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ION SOURCE BASE- PART II 
SCALE 1:z. 
Fl GURE 3 
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described by Rogera22 • 

The oscillator power supply and probe power supply are both 

of standard design. Their circuit diagrams a.re shown in tigurea 

4 & 5, respectively. 

The oscillator is a cow ot the design used by ~ 8• It 

operates at approximately 66 megacycles and 60 watta. It• circuit 

diagram is shown in figure 6. 

The flow ot hydrogen into the bottle is controlled by means 

ot a paJJadium leak. Palladium has a definite affinity for hydrogen, 

which varies directly With tem.perature. Te~ature changes are made 

by varying the current in a wire wrapped aroUl'ld a pella,uum thimble. 

The thimble is wrapped first with mica inaulating pa.per and then vith 

#'34 nichrome wire. Further description of the palladium leak ia given 

by Rogers22• 

The container for the hydrogen is an "A" type cylinder with a 

capacity of 1/2 liter obtairied from Ohio Chemical and Surgical 

Equipment CCl'Apal)y. This veesel is equipped With a brass titting tor 

an Aahcrofi gauge graduated f'rom O to 200 psi, and copper tubing. 

Conaiderable saving in oscillato: power can be achieved with 

the use of a magnet because it restricts the paths of the electrons, 

thus increasing the probability of ionization ot the gas. The JD98D8t 

used is capable of producing a field of 455 I gauss, Where I ia magnet 

current in amperes. Thia magnet consists of 2520 turns of :/123 
enameled copper wire on a copper spool whose inside diameter is 2.25 
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inches and vhoae height is 1.350 inches. 

Thia JJ.188Jlet vaa the second one to be used with the ion source. 

The original was capable ot producing a field ot approximately 500 I 

gauss. However, the height of' this magnet vas almost 2.500 inches. 

Thus, it wu necessary tor one ot the r-t loading clips to be puahed 

down inside the JD88Ilet. 

The magnet now in use was made to cover only a small area of the 

ion bottle so that the r-f clips might be outside ot the physical 

dimenaion ot the magnet at all timea. Experiment has shown that the 

clip position relative to the bottle is not critical once the dis-

charge bas been eatabliahed. 

It became necessary even with the nev magnet to remove the top 

brass supporting plate ot the spool since it wu suspected that '\his 

too might be absorbing r-t power. Upon removal ot this plate, currents 

of greater than 100 micro-amperes vere realized. 

Power to the magnet ia supplied by meana of a tull-wave selenium 

rectifier, whose output rating is approximately 2 aq>eres at 90 volts. 

Alliaon2 recomnends a. television f'OCU81ng coil tor use as a 

focusing magnet. In his experiments he uaed a >m-it MF-4 coil with 

a resistance of 1000 ohms and a current rating of 100 milliamperes. 

Wiring diagram and schematic tor the magnet and selenium rectifier 

are shown in tigure 7. 

The detlection aystem consiats ot a cylindrical section made 

up of porcelain and aluminum rings. This system is pictured in figures 

8 & 9. 
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DEFLECTiDDN SYSTEM SECTICNS 
(The left section has been reversed to show details of the deflection plates.) 
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The middle section ot the system is made up ot two porcelain 

insul.&'tcrs glued to an aluminum diak, which houses the center 

section ot the einZel lens. The upper and lower aluminum sections 

each house a pair ot deflection pates and a lateral section ot the 

einzel leDa. A sectional view ot the aasembly ia shown in tigln"e 10. 

Potential is applied to the deflection plates by mans ot the kovar 

seal term.1:cala on the outer extremities ot upper and lower alnm1JMll 

pieces. 

Voltage to deflect the beam is supplied by means ot conventional 

power tranatormer, rated at 4oo volts, 6o cycles. 

The einzel lens is used to tocua the beam inaide the deflection . 
system. A positive potential, which ia very nearly equal to the anode 

potential ot the ion bottle, is applied to the center aection ot tbe 

lens system. Thia potential is supplied by I power supply whose maximum 

output :Ls 3200 volts. 

AD. c. bias is applied to the deflection plates tor al.::lgnment 

ot the beam. This bias is supplied trom a variable voltage power supply 

whose maximum output is 425 volts. Wiring diagrams tor these tvo power 

supplies are shown in f::I.SUres 11 & 12, respectively, 

'l'he ion beam is focused by means ot a tocuaing electrode placed 

between the first am second electrodes ot the accelerator tube. A 

drawing ot this electrode is shown in tigure 13. 
A variable voltage is applied to the electrode by means ot a 

rheostat, the basic design ot which is the sue as-that ot Hahn31• 
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FIGURE 10 
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The rheostat uaed baa been altered trca. the original deaign to tit 

the voltage requirements ot this accelerator. The resistors uaed were 

470k oha. 

Variac control is uaed on the probe power supply, pal Jad~.um leak, 

magnet supply and deflection syatea tocusiDg. The vviaca are 

Fower stat variable transformers, type 10, obtained f'rom The Superior 

Electric COllij)8lly of Bristol, Connecticut. 

All the electrical components ot the ion source are mounted to 

a box type tram which 1a ahovn in figure 14. Thia unit was 

fabricated tran aluminum. All the components ue housed in a 

cylindrical aluminum tank which acta as the high potential electrode 

tor the accelerator, see figure 15. The stainless steel dCIIB tor this 

tank vu obtained from oak Ridge National Laboratories. 
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OPERATION Allll) ~CE 

The performance of a pulsed radio-trequency ion source is 

greatly' dependent on the construction of i ta many parameters. Its 

dependence on such tactors as 

1. r-t power to the sas in the aource 

2. frequency 

3. pressure in the discharge region, and 

4. extraction voltage 

is discussed by Eubank7. 

ot Eubank's results have been verified by the experiments. 

run on thia ion aource. It has been the purpose ot tbeae ex;perimenta 

to find the conditions which result in the optimull outpit ot the ion 

source. 

Due to the high voltage invol'ved in accelerator vork, it ia 

necessary to operate all ot the controls trcm behind a acreen by 

means of bakelite control rods. 

As diacuaaed by zakl8 it is necessary, when one ot theae sources 

is t:Lrst started, to allow time tor the bottl.e to clean up. After 

about 15 minut.es, the discharge changes tran pale blue to white to red. 

The magnetic field will pr."oa.uce a very .Pl"QDO\Ulced recldenning and an 

increUe in intensity. After the warm up ~"."tod the probe YOJ.taae 

nay be increaaed and the extraction process my be begun. 

Three divisions have been made in obtaining data tor the performance 

of this source. 
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Jl!asurement of the current at: 

1. The base of the !.on source 

2. The exit aperture of the deflection system 

3. The beam catcher at the end of the a.ccelere.tiIJg 
column 

The current "£1. JJB tbe source i tselt was optimized and meaaured. 

To obtain the max:!.trll!ll output tram the source requires much care 

especially if currents greater than 100 micro-amperes ue to be 

realized. 

A matter of foremost :i.mportance in obtaining high ion currents 

:t.s that ot proper coupling of the r-t power to the ion bottle. 

Moe.k18 describes the proper method of clipping on to the oscillator 

tank coil. However, it is very easy to misinterpret his description. 

He claims that the beat loading is obtained by clipping the r-t leads 

to the tank coil approximately 2/3 ot the distance tran the center-tap 

to the plates. This is proper'.cy interpreted if it is ~ined that 

the coil is unwound and is loaded while in its straight poaition. 

Proper coupling to the ion bottle, by means of the VG-l.A 

ionization-gage plate clips, ia also very iq;,ortant. It has been 

found, by experiment, that the position of the two clips relative to 

the bottle is not as pertinent as the distance between the clips. 

Rovner, there is an exception to this in that greater output was 

realized vhen neither clip lead was placed inside the spool ot the 

magnet. l;t seems alJllost certain that the magnet loads the oscillator 

Wlder such co:OC,.i tions. Approximately tvo inches between the clips seems 
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to give optimum results fran the source. 

Beam current also depends on Part III ot the ion source base. 

In particular, the dimensions of the exit hole in both diameter and 

length are very critical. 

Some experimentation was done in varying the critical dimensions 

ot this piece but this work was not carried far enough. The results 

ot some =~ ·.;~.!:! cha.nges made in the tip dimensions are shown in table 

1. One change which will probably be permanent is the increase in 

canal diameter :f'rom .o4 inch to .0625 inch. The larger exit hole is 

necessary to meet the requirelllents tor a large beam current. 

ALUMINUM TIPS 

I , , 
: I , , 
'I , , , , , , 
) \,. 

I ' I 
).. 

l\j 

TA.BIB I 

l',o • Canal. X 
Dia. 
.o4" .44.o'' 

B l/16" .343" 
C l/1611 .44or, 
D l 1611 .44o" I 

y 

.225" 

.225" 
• 225" 
.163" 

Z · Max. Current 
?t!asure 

• o6o" 4o micro • amp. 
• 06o" 4o micro • amp. 
.o6o" 54 micro • amp. 
• 06o" 40 micro • amp. 

No conclus:l.ve argument can be derived tran the de.ta. in table l., 

except to say that the maximl.Ull output ot the source seemed to be 

around 40 to 50 micro-amperes. Obviously some other parameter in 

the system needed to be changed in order to increase the current. 

As baa been noted in the section "Design and Construction", the 

brass supporting plate of the magnet was removed since there was 

reason to suspect that it was absorbing r-t power. Upon removal ot 

this plate a current of 100 micro-amperes was measured. Adjl.B tment 

of the pressure and the probe voltage to obtain peak conditions 
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increased the current to 150 micro-amperes. This appears to be 

the maximum stable output of the source under the present conditiona. 

As is indicated above the output beam current puses through 

a maximum when pressure and probe voltage are varied. Thia should 

also be true of the magnetic field, but thus tar the maximum beam 

current has been obtained with the magnet current at its maxi.Jlum 

value of appr"oximately 2 amperes. This is a strong recarmendation 

for looking into the use of a television ;·"'cus coil as suggested by 

Allison2• 

At present the probe voltage which gives the maximum beam 

current is approx:illlately 2 kilavol ts. The peak due to pressure 

appears at a pressure of about l nm. of Hg. above the base pressure. 

Jt>ak states that currents greater than 1 milliampere are 

obtainable vith this source. It therefore seems advisable to ake 

a turtber study ot current variation with the dimensions ot Fa.rt III 

of the base. 

The next requirement was to obtain maximum current through the 

deflection system. There were three points ot attack in achievillg 

a large current through this system. 

1. Alignment ot the beam 

2. Focusing of the beam 

3. Diameter of the ex1 t aperture 

With no consideration given to a:ny ot the above, less than 1 

micro-ampere was measured on the output ot the system with an input 

of 120 to 150 micro-amperes. 



Due to the fact that the deflection system is in three sections, 

accurate alignment is very difficult. Alignment of the beam is 

ach:Jeved by placing a variable D. c. bias en the deflection plates. 

The D. c. bias thus shirts the position of the beam until it is on a 

line with the apertures. The potentials placed on these plates have 

been seen to vary trom 25 volts to 4oo volts depending on the care 

shown in placing the system on to the accelerator tube. 

Due to the natural di vergency of the beam it is necessary to use 

focusing of s~ type on the beam inside the deflection system. The 

einzel lens system described by .Magnanl6 far a proton microscope is 

used in this aperatus. The einzel lens consists of three sections with 

the middle section having a high positive D. c. potential applied. 

Tbe two lateral sections are placed at dome potential. Mignen16 aaya 

that the :positive potential should be very nearly equal to the probe 
I extraction potential for optimum results. Experiment has ahovn that 

tl1j.s is a good approximation. 

With proper focusing and alignment, a maximum beam current of 

30 micro-amperes was JOOaSured at the output of the deflection system. 

The next area ot concentration was the diameter of the exit 

aperture. It was dee ied to enlarge this hole from .082 inches to 

0.161 inches. 

After such a change a current ot 90 micro-amperes was meaaured on 

an aluminum toil at the exit ot the system. Further investigation ot 

the variation ot current with the di~ter of this hole seems to be 

in order. 
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Transferring a majority of the beam down the accelerating 

column at an accelerating potential of 200 Kilovolts involves 

problems in alignment and focusing. The aligmlent problem must be 

solved, it appears, by making a physical adjustment j_n the al.ignment 

of the accelerator tube with respect to the target chamber. 

A variable voltage is applied to the electrostatic focusing 

electrode to obtain focusing, on a beam catcher at the end ot the 

column, to a spot with a diameter ot approximately 0.5 cm. 

A maximum current of 6o micro-amperes was measured on the 

catcher with all the optimum conditions stated above. It is 

believed that with proper care and further investigation, currents 

greater than 150 micro-amperes c:a.'l be realized. 

The beam is pulsed by sweeping it across the exit aperture ot 

the deflection system with a 4oo volt 'JO c~le signa1. 

Oscillograms ot the pulse shapes are shown in figures 17 and 18. 

Figure 17 is the pulse shape seen at the exit of the deflection system. 

Figure 17a. is the pulse shape before the exit hole was enlarged and 

figure 171>. is the pulse shape atter enlargement to 0.161 inches. 

Figure 18 s~ows oscillograms of the pulse shape seen at the beam 

catcher. The oscillograms are plots ot beam current as a function ot 

time. As the t5o cycle signal sweeps the beam across the exit aperture, 

a positive pulse is produced. Two pulses are produced tar every cycle 

since the beam is swept across the aperture on both the positive and 

negative halves of the cycle. This gives a total ot 120 pulses per 

second. Figure 18a. as well as figures 17a.and b. show one pulse 



cca1ng 1-41atel.y after the other. 'l'hia is due to the tact that 

the beaa wu not aligned properly inaide the detlection ayatea by 

meana ot the D. c. biaa. The oscillogram 1n figure 18b. vu made 

Vith proper bias. 
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::t I 

(a) 
PULSE SHAPE AT DEl"LECTIOB SYSTEM APERTURE 

(HOLE DIAMETER OF .082 INCHES) 

(b) 
PtJLSE SHAPE AT DEFIECTION SYSTEM APERTURE 

(HOLE DIAMETER OF 0.161 INCHES) 

Figure 17 



(a) 
SHAPE AT THE END OF THE ACCELERATING COLUMN. 

(b) 
PULSE SHAPE AT THE END OF THE ACCELDATIID COLUMN 

(moam D. c. BIAS ON DEJ'.LECTION PLATES) 

FigUre 18 
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SUMMlRY 

A pulsed radio-frequency ion source tor the v. P. I. 25() 

Kev Cockcrott-W&lton accelerator bas been conatructed and put 

into operation. Currents ot 6o micro-amperes, which vould give a 

neutron yield of approxima:tely 107 neutrons / Cl!F- - aec., haft been 

measured. Current ot this magnitude bas been achieved with the 

following condi t:iona: 

base pressure••·•••·•••••••••••••••••• 5.5 X 10·~• ot Hg. 
operating pressure•••••••••·•••••••••• 5.8 X 10- •• of Hg. 
probe voltage·•••••••••••••••••·•••••• 2000 v. 
D. C. bias•••••••••••••••••••••••••••• 24 v. 

(bottan deflection plates) 
D. C. bias•••••••••••••••••••••••••••• 75 v. 

(top def'lection pl.ates) 
focusing voltage •••••••••••••••••••••• 2100 v. 

( einzel J.ens) 
accelerating voltage•••••••••••••••••• 200 kv. 

The M:>ek type ion source is capable of producing currents ot 

l milliampere. It therefore, seems reasonable to assume that thia type 

source used on the v. P. I. Cockcrott-Walton accelerator will yield 

currents greater than 6o micro-amperes. 

Further investigation of three areas in particular ahould lead 

to increased current outputs: 

1. Vary the canal diameter and length in the aluminum 
tip of Part III of the ion source base. 

2. Increase magnetic tield and investigate the re-,cmaendationa 
made by Alliaon2. 

3. Increase the plate voltqe to the oscillator. ~8 
recom:nends 900 volta. Only 500 TOlta are being UM4 
at the present time on the aource. 
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ABSTRACT 

A l-t)ak type radio freque:1cy ion source, ca1)8.ble of producing 

a pulsed beam of d.euterons has bee:1 built for use with a Cockcrof't-

Wal ton accelerator. 

P..ilsed deuterous striking a deutero:1 target produce l'ieutrons in 

bursts thus allowLg dynamic measurements of moderator and reactor 

core properties. Beam pulsing is accomplished by means of an efozel 

lens and a:: alterD..atL1g pote;1tial applied to a pair of deflection 

plates. 

Protons have been used exclusively in adjusting t::e source for 

optimum results since the radiatior, background due to protons is much 

less than ttat due to deuterons. In actual experimer1t, however, when 

usiLg de:.rterons, no modificatior.s need be made i , the source. 

Beam curre,,ts have been measured at tne source and at a target 

located at the end of tne s.ccelerator tube. Maximum currents measured 

are 150 microamperes and 6o r.aicroamperes respectively. 

Details of constructior,_. maxj.mum operating conditions and 

oscillograms of pulse shapes are i:1cluded in this report. 
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